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[57] ABSTRACT

A knock suppressing apparatus for an internal combus-
tion engine includes: a knock sensor for sensing the
vibrations of an engine and generating a corresponding
output signal; an interface circuit for generating a vibra-
tion level based on the output signal of the knock sen-
sor; a noise level detector for generating a noise level
based on the vibration level; a memory for storing a
basic noise level, a basic threshold level and a correc-
tion value in relation to the number of revolutions per
minute of the engine; a calculator for updating the cor-
rection value based on the noise level, the basic noise
level and a current engine operating condition, and
generating a corrected threshold for knock determina-
tion based on the basic threshold and the updated cor-
rection value; a knock determiner for making a compar-
ison between the vibration level and the corrected
threshold and generating a knock determination signal

if the vibration level exceeds the corrected threshold;
and a controller for controlling, based on the knock
determination signal from the knock determiner, an

engine control parameter in a direction to suppress
knocking. A condition determiner may be further pro-
vided for determining whether the engine 1s in a prede-
termined operating range suitable for updating the cor-
rection value. In this case, the calculator updates the
correction value and generates the corrected threshold
if the engine is in the predetermined operating range.

3 Claims, 7 Drawing Sheets
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KNOCK SUPPRESSING APPARATUS FOR
INTERNAL COMBUSTION ENGINE

BACKGROUND OF THE INVENTION

The present invention relates generally to an appara-
tus for suppressing a knocking phenomenon in an inter-
nal combustion engine (hereinafter also referred to as an
engine for short) such as a gasoline engine for a motor
vehicle.

In general, the internal combustion engine such as a
gasoline engine for a motor vehicle includes a plurality
of cylinders in each of which a fuel gas mixture is com-
pressed and undergoes combustion at an optimal timing.
In this conjunction, there has already been proposed
and used widely in practical applications a microcom-
puter-based engine control unit (also known as ECU 1n
abbreviation) for the purpose of optimally controlling
the ignition timing as well as the sequence of fuel injec-
tions in association with the individual engine cylinders.

In connection with such engine operation control, it
is known that when the ignition timing (usually given in
terms of angular crank position or crank angle) 1s con-
trolled to advance excessively, abnormal fuel combus-
tion may take place, resulting in generation of vibrations
or shock referred to as knocking of such a magnitude
which may eventually damage or injure the engine
cylinders. In order to avoid such an unwanted event, 1t
is necessary to perform ignition timing control in such a
manner that upon detection of abnormal vibrations or
knocking, the ignition timing is shifted in a direction to
afford an appropriate retard to the time point or timing
at which fuel combustion takes place within the knock-
ing cylinder.

For a better understanding of the background of the
present invention, a known knock suppressing appara-
tus will be described in some detail by reference to FIG.
8 which is a block diagram showing the general ar-
rangement of a known knock suppressing apparatus.

In FIG. 8, a reference numeral 1 denotes a knock
sensor installed in association with each or a set of the
cylinders of an internal combustion engine. The knock
sensor 1 may be composed of a piezoelectric element or
the like which is capable of detecting the vibrations or
knocking of the associated cylinder in the form of an
electric signal.

An output signal A of the knock sensor 1 is supphed
to a knock detection circuit denoted generally by a
reference numeral 2. The knock detection circuit 2
comprises a filter 21 having such a filtering characteris-
tic as to pass therethrough only the frequency compo-
nents which are peculiar to the knocking phenomenon
(e.g., 7 kHz), a gate 22 for allowing the output signal of
the filter 21 to pass therethrough periodically at a pre-
determined timing, a background level (BGL) genera-
tor 23 for generating a background level signal BGL on
the basis of a signal derived by averaging an output
signal A’ of the gate 22, a comparator 24 for comparing
the output signal A’ of the gate 22 with the background
level signal BGL for thereby producing an output sig-
nal of “ON"” level when the gate output level A’ ex-
ceeds the background level BGL, and an integrator 235
for integrating the output signal of the comparator 24.
The output signal of the integrator 25 is then supplied to
an analogue to digital (A/D) converter 3 to be con-
verted to a digital 51gna] VR.

The dlgltal signal Vg is supplied to an cnglne control
unit (ECU in abbreviation) 4 which may be constituted
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by a microcomputer which is programmed to perform
ignition timing control for each of the engine cylinders
on the basis of the output signal Vg of the A/D con-
verter 3 while supplying a masking pulse signal M to the
gate 22 and a reset signal R to the integrator 25, respec-
tively, for the purposes which will be described herein-
after. Further, the engine control unit or controller 4
includes a retard angle controller 45 for arithmetically
determining an angle of retard for which the igmtion
timing is to be delayed for suppressing the knocking,
thereby producing a retard control angle signal Or for
controlling the amount of retard to be applied to the
ignition timing on the basis of the digital signal Vg
outputted from the A/D converter 3. |

Next, referring to a waveform diagram shown in
FIG. 9, description will be made of operations per-
formed by the known knock suppressing apparatus
shown in FIG. §.

Normally, in each of the cylinders of the internal
combustion engine, ignition takes place at a timing cor-
responding to a crank angle or position which advances

- approximately by 5° relative to top dead center (TDC
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given by the crank angle of 0°) so that explosive com-
bustion of the fuel gas mixture may occur at a crank
angle of about 10° to 60° after passing top dead center
(TDC). The knocking due to abnormal combustion will
thus occur at the timing falling within the crank angle
range of 10° to 60° in succession to top dead center.

Accordingly, upon every occurrence of vibration
noise of the cylinders and inter alia knocking, the output
signal A of the knock sensor 1 produced at correspond-
ing periodical intervals assumes a significantly increased
amplitude, as can be seen in the waveform shown in
FIG. 9 at (a).

In the meanwhile, the engine control unit (ECU) 4
outputs to the gate 22 a masking pulse signal M which
is inverted periodically at predetermined intervals in
order to ensure that the knock detection circuit 2 can
efficiently receive and process the sensor output signal
A. More specifically, the masking pulse signal M 1s
generated in such a waveform in which the leading
edge thereof takes place at a time point corresponding
to a crank angle of about 75° advancing relative to the
top dead center of the associated cylinder (this ad-
vanced angle will hereinafter be represented by affixing
“B” to the angle value, e.g. by “B75°”’) while the trail-
ing edge of the masking pulse M occurs around a time
point of B5° (i.e. at a time point corresponding to a
crank angle of 5° before TDC), as can be seen in the
waveform shown at (b) in FIG. 9. During the period in
which the masking pulse assumes the level of “H”, the
gate 22 is blocked or disabled. Further, as mentioned
previously, a reset signal R is outputted to the integrator
25 from the engine control unit 4 periodically at a pre-
determined timing which coincides with that of the
leading edge of the masking pulse signal M.

The filter 21 constituting a part of the knock detec-
tion circuit 2 has such a filtering characteristic that the
frequency components of the sensor output signal A
produced upon occurrence of knocking can pass there-
through, while the gate 22 allows the sensor output
signal A to pass therethrough only during a period in
which the masking pulse signal M is at the level of “L”,
as shown at (c) in FIG. 9. The output of the gate 22 is
denoted by a reference symbol A'. On the other hand,
the background level (BGL) generator 23 generates a
background level BGL contained in the gate output
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signal A’ by discriminatively separating the former
from the latter, as is illustrated at (d) in FIG. 9, wherein
the background level BGL serves as a reference for
detection of a knocking event or phenomenon.

When the gate output signal A’ exceeds the back-
ground level BGL, the comparator 24 determines that
knocking has taken place and produces a comparison
output of ““H” level. The integrator 2§ starts to integrate
the output signal of the comparator 24 every time it 1s
reset by the reset signal R supplied from the engine
contro! unit 4, as is illustrated at (e) in FIG. 9. The
output signal of the integrator 25 is then converted form
analog into digital form by the A/D converter 3, the
resulting digital integration value Vg being then input-
ted to the engine control unit (ECU) 4.

In this manner, the engine control unit 4 fetches
therein the A/D converted integration value Vg upon
every occurrence of ignitions in the cylinder, to thereby
generate a retarded control angle signal 8r for controi-
ling the ignition timing of a knocking cylinder in a sense
to suppress the knocking. To this end, the retard angle
calculator 45 constituting a part of the engine control
unit 4 adds an angle of retardation dfg to a current
normal ignition control angle Og*, at which ignition is
to take place when there is no knocking, to provide a
current retarded control angle signal 8. Accordingly,
the current retarded control angle 6g can be given by
the following equation:

Opr=0R*+dOR (1)

In equation (1) above, the angle of retardation déR is
given by the following equation:

dor=VrXL

where L represents a weighing coefficient.

As will be understood from the foregoing, with the
known knock suppressing apparatus as described above,
the background level BGL, which is directly calculated
based on an average of the output signal from the gate
22 in a predetermined period, is utilized as a threshold
for knock determination. As a result, the threshold cal-
culated in this manner always has a characteristic re-
lated to the average of the gate output, so it is difficult
to arbitrarily obtain a desired knock determining thresh-
old as necessary irrespective of the averaged gate out-
put.

SUMMARY OF THE INVENTION

Accordingly, the present invention is intended to
overcome the above-described problem of the known
knock suppressing apparatus.

An object of the present invention is to provide a
knock suppressing apparatus for an internal combustion
engine in which a previously determined knock deter-
mination threshold is corrected or updated to an appro-
priate value on the basis of a deviation between a cur-
rent knock sensor output and the last knock sensor
output for reliable knock determination with improved
accuracy irrespective of variations in manufacture of
the engine.

Another object of the invention is to provide a knock
suppressing apparatus for an internal combustion engine
in which the knock determination threshold can be
corrected for further improved knock determination
according to whether the engine is in a certain operat-
ing range.
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4

According to one aspect of the invention, there is
provided a knock suppressing apparatus for an internal
combustion engine comprising:

a knock sensor for sensing the vibrations of an engine
and generating a corresponding output signal;

an interface circuit for generating a vibration level
based on the output signal of the knock sensor.

a noise level detector for generating a noise level
based on the vibration level; |

memory means for storing a basic noise level, a basic
threshold level and a correction value in relation to the
number of revolutions per minute of the engine;

calculating means for updating the correction value
based on the noise level, the basic noise level and a
current engine operating condition, and generating a
corrected threshold for knock determination based on
the basic threshold and the updated correction value;

a knock determiner for making a comparison between
the vibration level and the corrected threshold and
generating a knock determination signal if the vibration
Jevel exceeds the corrected threshoid; and

a controller for controlling, based on the knock deter-
mination signal from the knock determiner, an engine
control parameter in a direction to suppress knocking.
According to another aspect of the invention, there 1s
provided a knock suppressing apparatus for an internal
combustion engine comprising:

a knock sensor for sensing the vibrations of an engine
and generating a corresponding output signal;

an interface circuit for generating a vibration level
based on the output signal of the knock sensor.

a noise level detector for generating a noise level
based on the vibration level;

memory means for storing a basic noise level, a basic
threshold level and a correction value in relation to the
number of revolutions per minute of the engine;

a condition determiner for determining whether the
engine is in a predetermined operating range suitable for
updating the correction value;

calculating means for updating the correction value
based on the noise level, the basic noise level and a
current engine operating condition, and generating 2
corrected threshold for knock determination based on
the basic threshold and the updated correction value if
the engine is in the predetermined operating range;

a knock determiner for making a comparison between
the vibration level and the corrected threshold and
generating a knock determination signal if the vibration
level exceeds the corrected threshold; and

a controller for controlling, based on the knock deter-
mination signal from the knock determiner, an engine
control parameter in a direction to suppress knocking.

Other objects, advantages and novel features of the
present invention will become more apparent from the
following detailed description of a few preferred em-
bodiments thereof taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the general ar-
rangement of a knock control apparatus for an internal
combustion engine according to an embodiment of the
present invention;

FIG. 2 is a waveform diagram for illustrating the
operation of the knock control apparatus shown in FIG.
1;

FIG. 3 is a characteristic view showing the relation-
ship between the noise level Vyand the engine r.p.m,;
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FIG. 4 is a characteristic view showing the relation-
ship between the threshold Vg and the engine r.p.m;

FIG. § is a flow chart illustrating a knock control
method of the present invention carried out by the ap-
paratus of FIG. 1;

FIG. 6 is a view similar to FIG. 1, but showing a

knock control apparatus in accordance with another
embodiment of the invention;
FIG. 7 is a flow chart illustrating a knock control

method of the invention carried-out by the apparatus of 10

FIG. 6;

FIG. 8 is a block diagram showing the general ar-
rangement of a known knock control apparatus for an
internal combustion engine; and

FIG. 9 is a waveform diagram illustrating the opera-
tion of the known knock control apparatus of FIG. 8.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will now be described in detail
in conjunction with preferred embodiments thereof by
reference to the accompanying drawings.

FIG. 1 shows in a block diagram the general arrange-
ment of a knock suppressing apparatus for an internal
combustion engine according to an embodiment of the
invention. In this figure, reference numerals 1, 3 and 45
denote a knock sensor, an analog-to-digital (A/D) con-
verter and a controller in the form of a retard angle
controller, respectively, which serve for same or similar
functions as the corresponding ones of the known
knock suppressing apparatus described hereinbefore by
reference to FIGS. 8 and 9. Accordingly, repeated
description of these parts will be unnecessary.

Referring to FIG. 1, there is interposed between the
knock sensor 1 and the A/D converter 3 an interface
circuit 20 which may be constituted by a peak hold
circuit 26. In this connection, it should be noted that a
reset signal R’ for resetting the peak hold circuit 26 1s
generated by the engine control unit (ECU) 40 1n syn-
chronism with the rotation of an internal combustion
engine of concern. Referring to F1G. 2, which 1s a
waveform diagram for illustrating the operation of the
knock suppressing apparatus of FIG. 1, the reset signal
R’ includes a series of pulses each rising up at a first
reference crank angle of B75° (i.e. at 75° before top dead
center (BTDC) of an associated cylinder) and falling at
a second reference crank angle of BS® (i.e. at 5° BTDC).
The peak hold circuit 26 operates to generate a peak
level at the first reference crank position of B75° for the
associated cylinder, wherein the peak level is inputted
to the engine control unit (ECU) 40 as a vibration level
Vpby way of the A/D converter 3.

The engine control unit (ECU) 40 includes a noise
level detector 41 for generating a noise level V x based
on the level of vibrations Vp of each cylinder, a basic
noise level map M1 in the form of a memory storing a
basic noise level Vg for each of a plurality of ranges of
the number of revolutions per minute (rpm) of the en-

gine NEg, a basic threshold map M2 in the form of a

memory storing a basic threshold V 7yg for each of the
rpm ranges, a correction calculator 42 for generating a
correction value Vg for a threshold V 7y based on the
rpm of the engine Ng, a noise level Vy, a basic noise
level Vg, and a basic threshold Vrggr, a correction
value map M3 in the form of a memory successively
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storing an updated correction value Vg for each of the

rpm ranges corresponding to the engine rpm Ng, an
adder 43 for adding a correction value V gselected from

6

the correction value map M3 to the basic threshold
V 7HR to provide a knock determination threshold V rg,
a comparator 44 for making a comparison between the
vibration level Vpand the knock determination thresh-
old V7x and generating a knock signal Vk if the vibra-
tion level Vpexceeds or becomes greater than the knock
determination threshold V 1y, and a retard angle pro-
cessor 45 for generating, based on the knock signal VK,
a retarded control angle g for controlling to properly
retard the ignition timing of a knocking cylinder. In this
regard, the correction calculator 42, the correction
value map M3 and the adder 43 together constitute a
calculating means for generating a threshold V rgbased
on a noise level V, a basic noise level VR, and a basic
threshold Vrxg. In addition, the correction value map
M3 acting as a storage means is supplied with power
from a battery (not shown) for holding the correction
values Vg therein. Also, the rpm of the engine Ng 1s
generated based on the period of an output signal from
an unillustrated crank angle sensor, which senses a ref-
erence crank angle such as 75° before top dead center

(BTDCQC), 5° BTDC, etc., by the ECU 40 which executes

an rpm detection program.
The operation of the above-described” knock sup-
pressing apparatus as illustrated FIG. 1 will be de-

scribed in detail with particular reference to the wave-
form diagram of FIG. 2, the noise level characteristic
diagram of FIG. 3, the threshold characteristic diagram
of FIG. 4 and the flow chart of FIG. 3.

First, an exemplary engine is test run so as to detect
the level of engine vibrations V pin relation to the vary-
ing rpm thereof. Based on the vibration level Vp thus
detected, a basic noise level Vg and a basic threshold
V TR are calculated for the engine rpm and then stored
in the basic noise level map M1 and the basic threshold
map M2, respectively, in relation to the engine rpm.

Specifically, the vibration level Vpat the time when
no noise due to knocking is discerned is set as a noise
level, whereas the vibration level V pwhen noise due to
knocking is discerned is set as a knocking level.

For the noise level, the maximum value among a
prescribed number (preferably, corresponding to the
number of the cylinders) of consecutive vibration levels
V pis taken, and a plurality of the maximum values thus
taken in a prescribed period are then averaged to finally
provide a basic noise level Vygr. Accordingly, the basic
noise level Vg is expressed as follows:

VNr={VHD+VE2)+ ... +VEK}/K (2)
where Vp (i) is the maximum value of the i-th group of
successive vibration levels Vp during a predetermined
number (i.e., n) of consecutive ignitions, and K is the
number of collection of the maximum values Vp (1).

For example, in case of a four-cylinder engine, n is 4
and K is 10 or so. The basic noise level Vg 1s also
calculated for the engine rpm Ng in a similar manner,
and it is set as shown by a dashed line in FIG. 3.

Similarly, the basic threshold V rggr used for making
discrimination between the noise level and the knock
level is set to a value between the basic noise level VR
and the basic knock level for the rpm NE, as shown in
FIG. 4.

In this manner, using an exemplary engine, character-
istic curves for the basic noise level Vg and the basic
threshold Vryr in relation to the engine rpm are ob-
tained. In this connection, however, the engine operat-

ing characteristics actually differ from one engine to
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another, so the basic noise level curve Vygr and the
basic threshold curve Vrygr are corrected or modified
in the manner as shown by the solid lines in FIGS. 3 and
4, respectively.

Next, the operation of the engine and the process of
calculating the correction value Vg successively per-
formed by the ECU 40 are described below in detail.

Upon engine starting, the correction value map M3 1s
in a reset state and there is no correction value data
stored therein. As a result, the adder 43 outputs a basic
threshold V ryg from the basic threshold map M2 as a
threshold Vra.

The knock sensor 1 senses the vibrations of engine
cylinders in the same manner as described before with
reference to the known knock suppressing apparatus of
FIG. 8 and generates a corresponding output signal A
for detecting knocking therein. The ECU 40 takes in or
fetches the analog-to-digital converted peak level of the
output signal A from the knock sensor 1 upon every
ignition of each cylinder. -

Specifically, in Step S1, the peak-hold circuit 26 oper-
ates to hold the peak level of the output signal A from
the knock sensor 1, which is then A/D converted into a
digital vibration level Vpby the A/D converter 3 and
input to the ECU 40.

In Step S2, when the vibration level Vpis sampled at
a reference crank angle of 75° BTDC, the ECU 40
generates a reset signal R’, as shown in FIG. 2, by
which the peak-hold circuit 26 is reset at about the
reference crank angle of 75° BTDC (i.e,, in actuality
slightly later than 75° BTDC).

The peak-hold circuit 26 continues to be reset as long
as the reset signal R’ remains on, and it begins to operate
when the reset signal R’ falls (e.g., at a crank angle of 5°
BTDC). Accordingly, the ECU 40 repeatedly carries
out an interrupt routine, as shown in FIG. §, each time
the vibration level Vp is generated at the reference
crank angle of 75° BTDC due to ignitions of the cylin-
ders. -

As shown in FIG. 2, the vibration level V pdeveloped
at every reference crank angle of 75° BTDC of each
cylinder varies from one sampling cycle to another in
accordance with a change in the knock sensor output A.
Such a variation includes both a knock component and
a noise component, so it is desirable that the vanation
does not contribute to the generation of a threshold
V ry. In this connection, considering a time-dependent
change in the vibration level Vp, however, it is neces-
sary for the threshold Vry to follow or reflect the vi-
bration level V pto some extent for the purpose of ensur-
ing accurate knock detection.

To this end, in Step S3, the noise level detector 41 of
the ECU 40 averages the maximum values of the vibra-
tion level Vpsampled at predetermined intervals using
formula (2) above, to provide a noise level V at the
current engine rotational number (rpm) NE.

On the other hand, in Step S40 in the processing of
the main routine of FIG. §, the correction calculator 42
searches the correction value map M3 for a most recent
or last correction value V* stored therein at the cur-
rent rpm NE.

The correction calculator 42 calculates a correction
value for the basic threshold Vrygr on the basis of the
last correction value Vg* for the threshold V7
searched from the correction value map M3 at the cur-
rent rpm NE, the noise level V from the noise level
detector 41, the basic noise level Vg and the basic
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threshold V 7yg selected from the respective maps M1,
M2.

More specifically, in Step S41, the correction value
calculator 42 calculates the correction value in the form
of a deviation dV y between the noise level Vand the
basic noise level Vg both at the rpm Ng, as shown in
FIG. 3. In this regard, the ratio of the deviation dVnto
the basic noise level Vg coincides with the ratio of a
target correction value dVzy to the basic threshold
V 7iR, as shown in FIG. 4, so the following equation is
established:

dVN/VNR=8VTH/VTHR

From this equation, the target correction value dV rxis
obtained as follows:

dVru=VTHRXAVN/VNR (3)

Subsequently, in Step S42, an updated correction
value Vc, which follows or reflects the target correc-

~ tion value dV 7y to some extent, is calculated using the
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following equation:

Ve=(1—k)Vc*+kXdVTH (4)
where k is a constant representing a contribution or
weighing coefficient for the target correction value
dV 7y, the constant k being less than 1 and greater than
zero (0 <k < 1). The constant k can be set to an arbitrary
value as necessary. In accordance with the smoothing
step S42 using equation (4) above, there is obtained the
correction value V¢ which follows or reflects the noise
level Vn to some extent and which is stable to a suffi-
cient extent.

In Step S43, the correction calculator 42 stores in the
specific memory area of the correction value map M3
corresponding to the current rpm Ngan updated or new
correction value Vg every time it is calculated using
equation (4) above while reflecting the target correction
value dV rg. In this manner, the contents of the correc-
tion value map M3 are successively rewritten or up-
dated.

In Step S44, the adder 43 adds the correction value
V ; obtained from the correction value map M3 at that

“time to the basic threshold V 7xr at the rpm Ng to pro-

vide a corrected threshold Vry as follows:

VTa=VRTHR+ Ve (3)
At this time, the updated correction value V¢ some-
what follows or reflects the noise level Vy, so the
threshold V 7y obtained using equation (5) above 1is
substantially free from variations, which would other-
wise take place from one sampling cycle to another, and
hence it is a highly reliable value.

Then, the interrupt routine of FIG. § is carried out at
the reference crank angle of 75° BTDC, and in Step S5,
the knock determiner 44 in the form of a comparator
calculates a deviation Vk between the vibration level
V pand the threshold V rg for comparison therebetween
as follows:

Vk = VP-— VTH

In Step S6, it is determined whether the deviation Vk
is positive (Vk>0). If Vp>Vry, that is VK>0, the
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comparator 44 generates a knock determination signal
Vk indicative of the occurrence of knocking.

In Step S7, upon receipt of the knock determination .

signal VK, the retard angle controller 45 calculates an
angle of retardation d@r required for suppressing the
knocking in the following manner:

dOR=(Vk/VTH)XL' (6)
where L' is a reflecting or weighing coefficient.

From equation (6) above, the angle of retardation
d@R is calculated on the basis of the ratio of the knock
determination signal Vk to the threshold Vrg, so that
an appropriate angle of retardation dfg can always be
provided even if the vibration level V pitself varies over
time.

After this, on the basis of the angle of retardation
dOr thus obtained, the retard angle controller 45 calcu-
lates a retarded control angle @g for retarding the igni-
tion timing of a knocking cylinder in a direction to
suppress the knocking, using the following formula:

OR=0R*+dOR

where Og* is a current normal ignition control angle at
which ignition is to take place when there is no knock-
ing.

On the other hand, if in Step S6 it is determined that
the deviation Vk is equal to or less than zero (i.e.,
Vk =0), there is no knock determination signal Vk gen-
erated. In this case, the program goes to Step 389
wherein from equation (6), the angle of retardation d6r
becomes equal to zero (d0r=0). As a result, the re-
tarded control angle @g remains unchanged or 1s the
same as before. |

In this manner, on the basis of the retarded control
angle O as obtained in this manner, the ignition timing
for a knocking cylinder is properly controlled in a re-
tarding direction, thus suppressing the knocking.

Accordingly, in the normal operating condition of
the engine, a highly reliable threshold Vrgcan be set on
the basis of the updated correction value Vg without
being influenced by a sudden great change in the vibra-
tion level V p, so knock determination can be performed
with a high degree of accuracy.

10

15

20

25

30

35

40

Although in the above embodiment, the interface 43

circuit 20 for generating the vibration level Vp com-
prises the peak-hold circuit 26, it may be composed of
an integrator while providing substantially the same
results.

In addition, although in the above embodiment, the
comparator 44 outputs a knock determination signal Vk
‘in the form of a deviation or difference between the
vibration level Vpand the threshold V rg, it can simply
generate an output signal of a high level when the vibra-
tion level Vpexceeds the threshold Vra.

" FIG. 6 shows another embodiment of the invention
which is substantially similar in operation and construc-
tion to the previous embodiment of FIG. 1 except for
the fact that the ECU 40 further includes a condition
determining means 46 for determining whether the
engine is in a predetermined operation range suitable for
updating the angle of retardation or correction. More
specifically, the condition determining means 46 gener-
~ ates an enable signal C to the correction calculator 42
and the correction value map M3 only when the engine
is in a prescribed operating condition such as a medium
load condition, a steady-state operating condition, or
the like. Preferably, the condition determining means 46
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determines, based on the engine rpm Ng or the rate of
change thereof, or the throttle opening indicative of an
engine load, whether the engine is in the steady-state
operating condition or the medium load condition.

The operation of this embodiment is substantially
similar to that of the previous FIG. 1 embodiment as
illustrated in the flow chart of FIG. 5 except for the
following. As shown in the flow chart of FIG. 7 which
illustrates the operation of the FIG. 6 embodiment, after
Step S40 of searching the correction value map M3 for
a correction value Vg*, the program proceeds to Step
S40 wherein the condition determining means 46 of the
ECU 40 determines, based on the engine rpm Ngor the
rate of change thereof, or the throttle opening represen-
tative of the engine load condition, whether the engine
is in a predetermined operating range. Such a determi-
nation is required for the following reasons. Namely, it
is generally necessary to make the current correction
value Vg for the threshold Vrg follow or track the
noise level V, but when the engine is in a transient
operating condition such as when it is rapidly acceler-
ated or decelerated, or when the engine i1s under a
heavy load or light load, there will be a great change in
the noise level VN. Accordingly, in these particular
operating conditions of the engine, it is undesirable to
reflect the noise level Vn on the current correction
value V. As a result, it is required that the noise level
V ybe reflected on the current correction value Vgonly
when the engine is in a predetermined condition or
range such as a steady-state operating condition, in
which there is little change in the rpm of the engine, a
medium load condition, and the like.

Thus, if in Step S40A of FIG. 7 it is determined that
the engine is in the predetermined operating range, the
condition determining means 46 generates an enable
signal C to the correction calculator 42 and the correc-
tion value map M3 whereby the calculator 42 calculates
a current correction value Vg for the basic threshold
V 7R in the same manner as in the previous embodi-
ment. In other words, in this case, the program pro-
ceeds from Step S40A to Step S41, and thereafter the
same process sets S41 through S44 are performed.

On the other hand, if in Step S40A it is determined
that the engine is out of the predetermined operating
range, then the condition determining means 46 gener-
ates no enable signal C so that the correction calculator
42 remains inoperative and the correction value map
M3 does not output the last or preceding correction
value Vg* to the correction calculator 42. As a result,

Steps S41 through S43 are skipped and the program

jumps from Step S40A to Step S44 while the correction
value Vg* in the correction value map M3 is not up-
dated. -

Consequently, only a relatively stable vibration level
V pis reflected as a valid noise level (i.e., a background
level) Vp, whereas a vibration level Vp, which varies
greatly, is not_reflected on the correction value Vgand
hence on the threshold V 1x.

Although in the second-mentioned embodiment, the
condition determining means 46 generates an enable
signal C when the engine is in the predetermined oper-

" ating range, it may instead generate an enable signal C

when the vibration level V pis less than the knock level.
In this modification, the knock determining steps S5 and
S6 as well as the retard angle control steps S7 through
S9 are performed immediately after the vibration level
collection step S1, and the threshold Vg at this time 1s
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given on the basis of the last or preceding correction
value Vg* selected from the correction value map M3
in the search step S40 and the basic threshold V ryr.

Accordingly, if in Step S6 it is determined that

knocking takes place, the noise level generating step S3
and the correction value calculating and updating steps
S41 through S43 are not performed and hence the con-
tents of the correction value map M3 are not updated
either. On the contrary, if in Step S6 it 1s determined
that there is no knocking, the noise generating step 83
and the correction value calculating and updating steps
S41 through S43 are carried out so that the contents of
the correction value map M3 are updated to reflect the
noise level Vn. As a result, only when the vibration
level Vpis at the background level, the current correc-
tion value Vgis updated and reflected on the threshold
V ry. Thus, in this modification, substantially the same
results are provided as those obtained by the second-
mentioned embodiment.

What 1s claimed 1s:

1. A knock suppressing apparatus for an internal com-

bustion engine comprising:

a knock sensor for sensing the vibrations of an engine
and generating a corresponding output signal;

an interface circuit for generating a vibration level
based on the output signal of said knock sensor.

a noise level detector for generating a noise level

- based on the vibration level;

memory means for storing a basic noise level, a basic
threshold level and a correction value in relation to
the number of revolutions per minute of the engine;

calculating means for updating the correction value
based on the noise level, the basic noise level and a
current engine operating condition, and generating
a corrected threshold for knock determination
based on the basic threshold and the updated cor-
rection value;

a knock determiner for making a comparison between
the vibration level and the corrected threshold and
generating a knock determination signal 1if the vi-
bration level exceeds the corrected threshold; and

a controlier for controlling, based on the knock deter-
mination signal from said knock determiner, an
engine control parameter in a direction to suppress
knocking. |

2. A knock suppressing apparatus according to claim

1, where said calculating means calculates the corrected
knock determination threshold V rybased on a previous
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threshold Vryr and the correction value Vg using the
following formula:

Vie=VTHR+ VG

where Vg is calculated based on a previous correction
value Vg* and a target correction value dV 7y as fol-
lows:

Vo=(1-kWVc*+kxXdVrH

wherein k is a constant which is less than 1 and greater
than 0, and the target correction value dV gy is calcu-
lated based on the previous threshold Vryr, a deviation
dVy between the vibration level and the previous
threshold, and the corrected threshold V ry as follows:

dVrp=VTHrXdVN/ VTH

3. A knock suppressing apparatus for an internal com-

bustion engine comprising:

a knock sensor for sensing the vibrations of an engine

“and generating a corresponding output signal;

an interface circuit for generating a vibration level
based on the output signal of said knock sensor.

a noise level detector for generating a noise level
based on the vibration level;

memory means for storing a basic noise level, a basic
threshold level and a correction value in relation to
the number of revolutions per minute of the engine;

a condition determiner for determining whether the
engine is in a predetermined operating range suit-
able for updating the correction value;

calculating means for updating the correction value
based on the noise level, the basic noise level and a
current engine operating condition, and generating
a corrected threshold for knock determination
based on the basic threshold and the updated cor-
rection value if the engine is in the predetermined
operating range;

a knock determiner for making a comparison between
the vibration level and the corrected threshold and
generating a knock determination signal if the vi-
bration level exceeds the corrected threshold; and

a controller for controlling, based on the knock deter-
mination signal from said knock determiner, an

engine control parameter in a direction to suppress
knocking.
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